Rationale 5-Hydroxytryptamine (5-HT, serotonin) plays a major role in brain ontogeny. Disruption of 5-HT during early postnatal development produces lasting changes in rodent 'emotion-related' behaviors. Adverse effects of treatment with serotonin reuptake inhibitor (SRI) antidepressants have been reported in human adolescents.
Introduction 5-Hydroxytryptamine (5-HT, serotonin) plays a major role in neural development (Gaspar et al. 2003; WhitakerAzmitia et al. 1996) . There is growing evidence that disrupting 5-HT during development produces lasting changes in emotional behaviors and the neural systems subserving them. Genetic ablation of the 5-HT transporter (5-HTT) or postnatal inactivation of the 5-HT1A receptor causes increased anxiety-and depression-related behaviors in mice tested in adulthood (Alexandre et al. 2006; Ansorge et al. 2007; Gross and Hen 2004; Hariri and Holmes 2006) . Similarly, some studies have shown that nonmutant mice and rats treated with the 5-HT reuptake inhibitor (SRI) fluoxetine or certain other antidepressants during the early postnatal period exhibit heightened anxiety-and depression-related behaviors when tested drug-free in adulthood (Andersen et al. 2002; Ansorge et al. 2008 Ansorge et al. , 2004 Feng et al. 2001; Hansen et al. 1997; Hilakivi and Hilakivi 1987; Maciag et al. 2006a Maciag et al. , 2006b Prathiba et al. 1995; Velazquez-Moctezuma and Diaz Ruiz 1992; Yoo et al. 2000) .
While these findings demonstrate detrimental effects of SRI treatment and 5-HTT inactivation during the early rodent postnatal period (corresponding to late gestation through early childhood in humans), it is not fully clear whether similar effects would be caused by SRI treatment at later developmental time points, notably adolescence. This issue is of important topical interest given recent concerns regarding potential adverse effects of SRI treatment in children and adolescents (Gibbons et al. 2007; Hammad et al. 2006; Usala et al. 2007; Whittington et al. 2004) . One recent study showed that male rats treated with fluoxetine between 3 or 4 and 7 weeks of age did not show changes in anxiety-like behavior (LaRoche and Morgan 2007) . Another study in mice found that treatment with fluoxetine from approximately 4 to 9 weeks of age prevented the increased depression-related phenotype in the forced swim test that was produced by postnatal maternal separation in the BALB/cJ strain, but per se was without significant effect on depression-related behavior and was not examined for possible effects on other endpoint measures such as anxiety-related assays (Bhansali et al. 2007) .
In the present study, mice were treated with fluoxetine from 3 to 7 weeks of age; a period approximating to midchildhood through adolescence in humans (Dohler and Wuttke 1975; Hefner and Holmes 2007b; Spear and Brake 1983) . Lasting effects of adolescent fluoxetine treatment were then tested in adulthood after a drug-free washout period using a range of anxiety-, fear-, and stress-related endpoint measures. To test whether genetic strains with differing baseline trait levels of emotional reactivity and fluoxetine-sensitivity might respond differentially to adolescent fluoxetine treatment, we tested both the relatively "high-anxiety/stress" BALB/cJ strain and the relatively "low-anxiety/stress' C57BL/6J strain (Anisman et al. 2001; Belzung and Griebel 2001; Dulawa et al. 2004; Millstein and Holmes 2007) . For comparison of effects of adolescent versus adult treatment, a group of adult BALB/ cJ and C57BL/6J mice was also fluoxetine-treated and tested.
Materials and methods

Subjects
Male BALB/cJ and C57BL/6J mice were obtained from The Jackson Laboratory (Bar Harbor, ME, USA) in the same shipment (aged 3 weeks for adolescence experiments, 8 weeks of age for the adult experiment). Mice were pairhoused (to avoid isolation stress) by strain and age in a temperature (22±1°C)-and humidity (45±15%)-controlled vivarium under a 12-h light/dark cycle (lights on 0600 hours) with ad libitum access to food. All experimental procedures were approved by the National Institute on Alcohol Abuse and Alcoholism Animal Care and Use Committee and followed the National Institute of Health guidelines outlined in the "Using Animals in Intramural Research."
Fluoxetine treatment
Fluoxetine hydrochloride (LKT Laboratories, St. Paul, MN, USA) was dissolved in tap water and made available ad libitum in the drinking water (refreshed weekly) in bottles covered with aluminum foil to protect the drug from light. Drug concentrations were determined based on body weight and known fluid consumption values in adult and adolescent mice in our laboratory and elsewhere (Dulawa et al. 2004; Hefner and Holmes 2007a) . Adolescent mice received either a low (80 mg/l) or a high (160 mg/l) concentration of fluoxetine (tested in separate experiments). Adult mice received the lower concentration. The dose achieved was determined from weekly consumption. Ten mice of each strain and age received fluoxetine treatment, and ten received water, commencing on arrival and continuing for 4 weeks (i.e., 3-7 weeks of age for adolescents, 8-12 weeks of age for adults).
Behavioral testing
Behavioral testing began after a 3-week washout period (for schematic see Fig. 1a ). There was at least 5 days between each test in the following order (putatively most stressful tests later in the sequence): (1) novel open field test for exploration and anxiety-related behavior, (2) elevated plusmaze test for anxiety-related behavior, (3) Pavlovian fear conditioning and extinction, and (4) behavioral responses to forced swim stress. Two C57BL/6J mice (one low-dose adolescent fluoxetine-treated, one low-dose adolescent water-treated) and seven BALB/cJ (four low-dose adult fluoxetine-treated, three low-dose adult water-treated) were removed over the course of the study due to fighting or other health problems.
Novel open field
The novel open field test was conducted as previously described (Wiedholz et al. 2008) . The apparatus was a square arena (39×39×35 cm) constructed from Plexiglas evenly illuminated to ∼55 lx. The mouse was placed in a corner and allowed to freely explore for 30 min. Total distance traveled and time spent in the (20×20 cm) center was measured using the Ethovision videotracking system (Noldus Information Technology, Leesburg, VA, USA).
Elevated plus-maze
The elevated plus-maze test was conducted as previously described (Handley and Mithani 1984; Holmes et al. 2000) . 
Pavlovian fear conditioning and extinction
Pavlovian fear conditioning and extinction was assessed based on methods previously described (Wellman et al. 2007; Yang et al. 2008 ). Mice were placed in a 27×27× Fig. 1 Fluoxetine dosing and growth curves. a Schematic depicting fluoxetine treatment during adolescence and testing in adulthood. b Average dose over the 4-week treatment period in mice receiving a lower or higher concentration (conc.) of fluoxetine (FLX). BALB/cJ (BALB) administered a higher fluoxetine dose than C57BL/6J (C57) at the lower concentration, while the opposite pattern was evident at the higher concentration. c, d Regardless of concentration, fluoxetine treatment did not affect adolescent growth in BALB/cJ or C57BL/6J. BALB/cJ in the lower concentration group had higher initial body weights than C57BL/6J (c). n=10/strain/treatment/concentration. *p< 0.05 BALB/cJ vs. C57BL/6J. Data are means±SEM 11 cm chamber with transparent walls and a metal rod floor. To provide a distinctive olfactory environment, the chamber was cleaned between subjects with a 79% EtOH/20% water/ 1% vanilla extract solution. After a 180-s acclimation period, the mouse received three pairings (60-120 s interval after each pairing) of an auditory tone (30 s, 80 dB, white noise) and footshock (2 s, 0.6 mA scrambled footshock), in which the shock was presented during the last 2 s of the tone. The presentation of stimuli was controlled by the Med Associates Freeze Monitor system (Med Associates Incorporated, Georgia, VT, USA). Twenty-four hours later, expression of fear to the tone and subsequent within-season extinction was tested. Mice were placed in a novel context (Plexiglas cylinder with black/white-checkered walls and a solid floor, cleaned with a 1% acetic acid/99% water solution) housed in a novel room. Following an initial 180-s acclimation period, the mouse received 50×30-s presentations of the tone alone (5 s no-stimulus interval). Twenty-four hours later, extinction recall was probed with three tone presentations. Freezing (no visible movement except that required for respiration) to the tone was manually scored every 5 s and converted to a percentage number of freezing ½ ð observations=total number of observations Â 100Þ. Freezing during recall/extinction trials was averaged into 10×5 trial blocks for analysis.
Behavioral and neuroendocrine response to swim stress The forced swim test was conducted as previously described (Boyce-Rustay and Holmes 2006; Porsolt et al. 1978) . The apparatus was a transparent Plexiglas cylinder (20 cm diameter) filled halfway with water (24±1°C) into which mice were gently lowered. The mouse was given a 6-min trial and returned to the home cage. The presence/absence of immobility (cessation of limb movements except minor involuntary movements of the hind limbs) was manually observed using an instantaneous sampling technique every 5 s during the last 4 min and expressed as a percentage of total observations during the period.
Thirty minutes after the end of stress, mice in the adolescent, not the adult, experiments were sacrificed via rapid cervical dislocation and decapitation to collect trunk blood. Blood samples were centrifuged at 13,000 rpm for 30 s. Serum was extracted and assayed for total corticosterone (bound and free) using the Coat-a-Count RIA TKRC1 kit (limit of detection: 5.7 ng/ml; Diagnostic Products, Los Angeles, CA, USA) as previously described (Boyce-Rustay et al. 2007 ).
High-performance liquid chromatography analysis of 5-HT and 5-HIAA levels At sacrifice for trunk blood collection, brains from mice in the adolescent experiments were removed, flash-frozen in ice-cold isopentane and stored at −80°C. Neurochemical analysis was performed on hippocampus and frontal cortex tissue via high-performance liquid chromatography (HPLC). Frozen samples were homogenized by ultrasonic processing in 800 ml of 0.1 M perchloric acid containing 1% EtOH and 0.02% ethylenediaminetetraacetic acid (EDTA) and centrifuged for 20 min at 3,000×g. Thirty microliters of the homogenate was used for catecholamine analysis by HPLC using a Luna 5 µm C18(2), 250× 2.0 mm column (Phenomenex 00G-4252-B0, Torrance, CA, USA) held at 30°C, a Waters Corporation (Milford, MA, USA) 717plus autosampler at 4°C, 510 pump at 0.4 ml/min, and amperometric electrochemical detector (EiCOM CB100) set at Eox. 0.82 V. The mobile phase contained 2.8 g 1-heptanesulfonic acid sodium salt, 0.17 g EDTA, 20 ml triethylamine, dissolved in 2.2 l water, pH adjusted to 2.5 with 13 ml 85% phosphoric acid, plus 90 ml acetonitrile. The detector output was recorded and analyzed with Waters Empower 2 Chromatography Data Software.
Statistics
The effects of treatment and strain were analyzed using analysis of variance (ANOVA), followed by Newman Keuls post hoc tests where appropriate. For fear extinction, the effects of treatment, strain, and trial block on freezing were analyzed using ANOVA with repeated measures for trial block. The effects of treatment, strain, and age on body weight were analyzed using ANOVA with repeated measures for age. Statistical significance was set at p<0.05.
Results
Fluoxetine treatment
Adolescent subjects receiving the lower concentration received fluoxetine at a dose of 9-10 mg/kg/day over the 4-week treatment period. There was a significant effect of strain for average fluoxetine received (F1,18=11.16, p< 0.01). BALB/cJ received a slightly but significantly higher dose of fluoxetine than C57BL/6J (Fig. 1b) . Subjects receiving the higher concentration received fluoxetine at a dose of 17-18 mg/kg/day over the 4-week treatment period. There was again a significant effect of strain for average fluoxetine received (F1,18=5.01, p<0.01), this time due to a higher dose in C57BL/6J than BALB/cJ (Fig. 1b) . Control mice drinking water did not show strain differences in either the lower or higher concentration experiments (data not shown). Neither concentration of fluoxetine treatment affected growth curves during the adolescent period in either strain, although there was a significant strain × age interaction effect on body weight cohort due to higher initial body weights in BALB/cJ than C57BL/6J in the lower (F3,108=9.52, p<0.01, Fig. 1c ), but not the higher concentration (Fig. 1d) experiment. Both the higher and lower doses are sufficient to produce brain concentrations in the clinical range (Ansorge et al. 2004; Dulawa et al. 2004 ) and induce acute behavioral effects in adult mice (Holmes and Rodgers 2003) .
Adult subjects receiving the lower fluoxetine concentration received a dose of 8-12 mg/kg/day over the 4-week treatment period. There was a significant effect of strain for average fluoxetine received (F1,15=8.14, p<0.05). In this adult cohort, BALB/cJ received a significantly higher dose of fluoxetine than C57BL/6J (Table 1) . BALB/cJ also drank more water than C57BL/6J (F1,15=9.45, p<0.01; Table 1 ). Body weights increased more quickly in C57BL/6J than BALB/cJ across the treatment period (strain × week interaction: F3,87=14.08, p<0.01) but did not differ as a function of treatment (weights not shown).
Novel open field
For the adolescents receiving the lower dose of fluoxetine, there was a significant effect of strain for total distance (F1,36=48.17, p<0.01) and percent center time (F1,36= 60.63, p < 0.01), but no effect of treatment and no treatment × strain interaction for either measure. BALB/ cJ traveled less far (Fig. 2a) and spent less time in the center of the open field (Fig. 2b) than C57BL/6J, regardless of treatment.
For the adolescents receiving the higher dose of fluoxetine, there was a significant effect of strain for total distance (F1,36=37.34, p<0.01) and percent center time (F1,36=59.24, p<0.01), but no effect of treatment and no treatment × strain interaction for either measure. BALB/cJ again traveled less far (Fig. 2c) and spent less time in the center (Fig. 2d) than C57BL/6J, regardless of treatment.
For the adult treated mice, there was a significant effect of strain for total distance (F1,29=18.47, p<0.01) and percent center time (F1,29=44.42, p<0.01), but no effect of treatment and no treatment × strain interaction for either measure. As in the adolescent cohorts, BALB/cJ traveled less far and spent less time in the center than C57BL/6J, irrespective of treatment (Table 1) .
Elevated plus-maze
For the adolescents receiving the lower dose of fluoxetine, there was a significant effect of strain for open arm time (F1,36=56.58, p<0.01) and open arm entries (F1,36= 72.97, p<0.01) but not closed arm entries, but no effect of treatment and no treatment × strain interaction for any Fig. 3a) and made fewer open arm entries (Fig. 3b) than C57BL/6J regardless of treatment, while closed arm entries did not differ betweens strains (Fig. 3c) . For the adolescents receiving the higher dose of fluoxetine, there was a significant effect of strain for open arm time (F1,36=34.38, p<0.01) and open arm entries (F1,36=85.56, p<0.01) but not closed arm entries, and no effect of treatment and no treatment × strain interaction for either measure. Again, BALB/cJ spent less time in the open arms (Fig. 3d) and made fewer open arm entries (Fig. 3e) than C57BL/6J regardless of treatment, and closed arm entries did not differ betweens strains (Fig. 3f) .
Results were similar for the adult treated mice. There was a significant effect of strain for open arm time (F1,29= 25.70, p<0.01) and open arm entries (F1,29=51.12, p< 0.01) but not closed arm entries, but no effect of treatment and no treatment × strain interaction for either measure. BALB/cJ spent less time in the open arms and made fewer open arm entries than C57BL/6J regardless of treatment. Closed arm entries was no different betweens strains (Table 1) .
Pavlovian fear conditioning and extinction
For the adolescents receiving the lower dose of fluoxetine, there was a significant effect of strain (F1,34=7.68, p<0.01), but no effect of treatment or strain × interactions for freezing during conditioning. This was due to higher freezing in C57BL/6J than BALB/cJ. For freezing during extinction, there was no treatment × strain × trial block interaction, but there was a significant effect of strain (F1,34=19.31, p<0.01) and a significant strain × trial block interaction (F9,306= 6.03, p<0.01). Examining the effects of treatment in each strain revealed a significant treatment × trial block interaction in C57BL/6J (F9,144=35.14, p<0.01) and a significant effect of trial block alone (F9,162=15.77, p< 0.01) in BALB/cJ (Fig. 4a, left panel) . Fluoxetine-treated C57BL/6J mice froze significantly less during the first trial block of extinction than vehicle-treated controls (Fig. 4a, right panel) . There were no effects of treatment or strain on freezing during extinction recall (data not shown). C57BL/6J generally showed more freezing than BALB/cJ during conditioning and fear recall/extinction, regardless of treatment. For the adolescents receiving the higher dose of fluoxetine, there was a significant effect of strain (F1,36= 33.17, p<0.01), but no effect of treatment and strain × treatment interaction, for freezing during conditioning. C57BL/6J froze more than BALB/cJ during conditioning. For freezing during extinction, there was no treatment × strain × trial block interaction, but there was a significant effect of strain (F1,36=31.72, p<0.01) and a significant strain × trial block interaction (F9,324=11.38, p<0.01). Examining the effects of treatment in each strain found no significant effects of treatment for either strain, but did indicate a significant effect of trial block in BALB/cJ (F9,162=5.82, p<0.01; Fig. 4b , left panel) and C57BL/6J (F9,162=44.69, p<0.01; Fig. 4b, right panel) . There were no effects of treatment or strain on freezing during extinction recall (data now shown). C57BL/6J showed significantly more freezing than BALB/cJ during fear recall/extinction. C57BL/6J again generally showed more freezing than BALB/cJ during conditioning and recall/ extinction, regardless of treatment.
For the adult treated mice, there was a significant treatment × strain interaction (F3,87=5.18, p<0.01) for freezing during conditioning due to higher freezing to the third tone in C57BL/6J relative to BALB/cJ. For freezing during extinction, there was no treatment × strain × trial block interaction, but there was a significant strain × trial block interaction (F9,261=1.97, p<0.05). Examining the effects of treatment in each strain revealed no significant effects of treatment for either strain, but a significant effect of trial block in BALB/cJ (F9,99=8.14, p<0.01) and C57BL/6J (F9,162=22.59, p<0.01). There were no effects of strain for freezing during extinction, and no treatment or strain effects for freezing during extinction recall (data not shown).
Behavioral and neuroendocrine response to swim stress For the adolescents receiving the lower dose of fluoxetine, there was a significant effect of strain (F1,34=4.73, p< 0.05) but not treatment and no treatment × strain interaction for immobility. BALB/cJ showed more immobility than C57BL/6J regardless of treatment (Fig. 5a ). There was no effect of treatment or strain or a treatment × strain interaction for corticosterone levels after stress (watertreated BALB/cJ = 273 ± 12 ng/mL, fluoxetine-treated BALB/cJ=262±27, water-treated C57BL/6J=230±13 ng/ mL, fluoxetine-treated C57BL/6J=279±11, n=5-7).
For the adolescents receiving the higher dose of fluoxetine, there was no significant effect of strain or treatment and no interaction for immobility (Fig. 5b ). There was a significant effect of strain (F1,27=4.88, p<0.05) but not treatment and no treatment × strain interaction for corticosterone levels after stress. Data collapsed across treatment found no significant effect strain difference (water-treated BALB/cJ=337±16 ng/mL, fluoxetine-treated BALB/cJ=280±20, water-treated C57BL/6J=275±11 ng/ mL, fluoxetine-treated C57BL/6J=260±27, n=6-9).
For the adult treated mice, there was also no significant effect of strain or treatment, nor an interaction, for immobility (Table 1) .
HPLC analysis of 5-HT and 5-HIAA levels
For the adolescents receiving the lower dose of fluoxetine, there was no significant main effect of treatment and no treatment × strain interaction for 5-HT or 5-HIAA levels in frontal cortex or hippocampus (Table 2 ). There was a significant main effect of strain for hippocampal 5-HIAA, due to lower hippocampal levels in BALB/cJ than C57BL/ 6J (F1,34=5.06, p<0.05).
For the adolescents receiving the higher dose of fluoxetine, there was no effect of treatment or strain for 5-HT or 5-HIAA in frontal cortex. There was a significant treatment × strain interaction for 5-HT (F1,35=5.02, p< 0.05) and 5-HIAA (F1,35=8.37, p<0.01) in hippocampus. Post hoc tests showed that fluoxetine-treated BALB/cJ had lower levels of hippocampal 5-HIAA, but not 5-HT, compared to vehicle-treated BALB/cJ, while a trend for the opposite pattern was seen in C57BL/6J (p=0.052; Table 2 ). Data collapsed across treatment indicated less hippocampal 5-HIAA (p<0.01) and 5-HT (p<0.01) levels in BALB/cJ relative to C57BL/6J.
Discussion
The main finding of the present study was that treatment with clinically relevant doses of fluoxetine throughout the mouse developmental period corresponding to human adolescence did not cause abnormalities on assays for Fig. 4 Effects of adolescent fluoxetine treatment on adult fear conditioning and extinction in BALB/cJ and C57BL/6J mice. There were no differences in freezing during conditioning, extinction, or extinction recall between BALB/cJ mice receiving the lower dose (a, left panel) or higher dose (b, left panel) of fluoxetine (FLX) relative to water-treated controls. C57BL/6J mice treated with the lower dose (a, right panel) but not higher dose (b, right panel) of fluoxetine showed normal freezing during conditioning but decreased freezing during fear recall, compared to water-treated controls, while rates of extinction were not affected by fluoxetine treatment. n=8-10/strain/ treatment. *p<0.05 same trial block in water-treated C57BL/6J mice. Data are means±SEM Fig. 5 Adolescent fluoxetine treatment did not affect behavioral responses to swim stress in either BALB/cJ or C57BL/6J mice. Percent time immobile was no different between mice receiving the lower-dose (a) or higher dose (b) of fluoxetine (FLX) compared to water-treated controls, irrespective of strain. BALB/cJ mice treated with the lower, but not higher, fluoxetine dose showed more immobility than C57BL/6J regardless of treatment (n=8-10/strain/ treatment). *p<0.05 BALB/cJ vs. C57BL/6J. Data are means±SEM fear-, anxiety-and stress-related phenotypes when mice were tested drug-free in adulthood. Specifically, chronic treatment with fluoxetine during mouse adolescence (3-7 weeks of age) did not produce robust alterations in adult anxiety-related behaviors as measured in the novel open field and elevated plus-maze test or behavioral or neuroendocrine response to forced swim stress. Although adolescent fluoxetine-treated mice showed reduced conditioned fear when tested as adults, echoing a previous reports in rats while on treatment (Burghardt et al. 2004) , this was only seen in one strain (C57BL/6J) and at one fluoxetine dose and, therefore, may not be a reliable effect of treatment.
The absence of long-lasting effects of fluoxetine treatment during mouse adolescence extends and contrasts with previous work showing that treatment of mice with fluoxetine during the early postnatal period (4-21 days of age) causes increased anxiety-like behavior in adulthood (Ansorge et al. 2008 (Ansorge et al. , 2004 , as well as some but not all studies showing that neonatal antidepressant treatment increases anxiety-and depression-related behavior in rats (Andersen et al. 2002; Feng et al. 2001; Hansen et al. 1997; Hilakivi and Hilakivi 1987; Maciag et al. 2006a Maciag et al. , 2006b Prathiba et al. 1995; Velazquez-Moctezuma and Diaz Ruiz 1992; Yoo et al. 2000) . Present findings are generally consistent with Bhansali et al.'s finding that BALB/cJ mice treated with fluoxetine from approximately 4-9 weeks of age did not show any obvious baseline difference in forced swim test behavior (Bhansali et al. 2007 ). It should be noted that neither Bhansali et al. nor our study undertook a direct replication of the pro-anxiety-like effects of preadolescent fluoxetine treatment under the same test conditions that were insensitive to adolescent treatment. Nonetheless, taken together, these data support a working model in which the early postnatal life represents a critical window of vulnerability to the adverse effects of fluoxetine treatment, while the adolescent period, at least in the mouse, is relatively insensitive to long-lasting effects of this treatment. While the neuronal basis of this ontogenic pattern of sensitivity remains to be determined, it is noteworthy that the early postnatal time frame corresponds to a period of forebrain innervation by mature serotonergic neurons and a transient peak in levels of endogenous 5-HT (Hohmann et al. 1988; Molliver 1982a, 1982b; Mitchell et al. 1990) .
A number of studies have shown that the BALB/c and C57BL/6 strains fall on the high and low ends of the spectrum of trait anxiety-like behavior and stress-reactivity, respectively, and that BALB/c are also relatively more sensitive to the behavioral actions of antidepressants (Anisman et al. 2001; Belzung and Griebel 2001; Dulawa et al. 2004; Holmes et al. 2005) . Replicating these phenotypic differences under our laboratory conditions, BALB/cJ showed higher levels of anxiety-like behavior in the elevated plus-maze (i.e., increased open arm avoidance, but normal locomotor activity). Levels of exploratory activity in the novel open field were also lower in BALB/ cJ than C57BL/6J. Given the concomitant increase in avoidance of the open field center, together with increased anxiety-like behavior (but normal closed arm entries) in the elevated plus-maze, this is likely a further reflection of increased anxiety in the BALB/cJ strain rather than a locomotor deficit (Cryan and Holmes 2005) . In the forced swim test, BALB/cJ showed slightly higher immobility n=8-10/strain/treatment. BALB/cJ mice receiving the higher fluoxetine dose had lower levels of hippocampal 5-HIAA, but not 5-HT, compared to vehicle-treated BALB/cJ, while a trend (p=0.052) for the opposite pattern was seen in C57BL/6J. *p<0.05 versus water/same strain **p<0.01 BALB/cJ vs. C57BL/6J (collapsed across treatment).
than C57BL/6J in one experiment, but this was not a consistent difference across experiments. In addition, BALB/cJ generally showed less conditioned fear than C57BL/6J (as evidenced by lesser freezing either during conditioning or the first trial block of extinction), as previously reported (Bolivar et al. 2001; Bothe et al. 2005) . Although BALB/c show slightly more age-related hearing loss than C57BL/6, this is unlikely to be a factor at the age tested (Willott et al. 1998 ) and therefore, the lesser fear conditioning appears to a genuine dissociation from the increased anxiety-like behavior in this strain. The absence of adolescent fluoxetine treatment effects is notable against the background of these marked strain differences in "trait emotionality." These negative effects cannot be explained by an idiosyncratic resistance of the C57BL/6J strain to the drug's effects per se. Moreover, the absence of adolescent fluoxetine effects across two strains representing high and low ends of the range of murine anxiety-and stress-related behaviors supports the generalizability of the data. An important caveat, however, is that it is conceivable that high basal levels of anxiety-/fear-/stressrelated behaviors in BALB/cJ could have masked further increases in these behaviors due to fluoxetine. This possibility should not be discounted for anxiety-like behaviors in the novel open field and elevated plus-maze, where a "floor" effect in BALB/cJ may have prevented the detection of treatment-related increases in this behavior. On the other hand, for the depression-and stress-related measures, there appeared to be sufficient range to observe fluoxetine-induced effects in BALB/cJ, and yet effects were still not observed.
Previous work has found that low levels of 5-HT and 5-HIAA in BALB/cJ relative to C57BL/6J are linked to a loss-of-function polymorphism in the gene encoding the 5-HT synthesizing enzyme, tryptophan hydroxylase 2 (Holmes 2008; Zhang et al. 2004) . Current data showed that BALB/cJ had lower levels of 5-HT and/or its major metabolite, 5-HIAA, relative to C57BL/6J. Differences were found in the hippocampus but not frontal cortex, which would be consistent with the putative contribution of the hippocampus in mediating emotional behaviors and antidepressant effects (Schmidt and Duman 2007 ; but see (Holick et al. 2007 ). Interestingly, BALB/cJ receiving the higher fluoxetine dose during adolescence had significantly lower hippocampal levels of 5-HIAA than vehicle-treated counterparts when assayed approximately 8 weeks later in adulthood, whereas C57BL/6J showed a trend in the opposite direction. The latter observation is consistent with the finding that chronic fluoxetine treatment in adult NMRI mice is associated with a significant increase in 5-HT turnover in hippocampus and frontal cortex 1 week posttreatment (Stenfors and Ross 2002) . On the other hand, the reduction in BALB/cJ is unexpected and hints at a lasting adaptation of the hippocampal serotonin system. This is noteworthy in the context of previous evidence that BALB/cJ is relatively insensitive, compared to C57BL/6J, to adult fluoxetine treatment in certain behavioral assays (e.g., Dulawa et al. 2004; Lucki et al. 2001) . It must be reiterated, however, that any such change was not detectable at the behavioral level.
The finding that adolescent fluoxetine treatment did not alter adult behaviors could be construed as tentative evidence that treating children and adolescents with fluoxetine might not produce lasting adverse effects. However, there are a number of important issues to consider in making this generalization. First, the present study examined the effects of one antidepressant, fluoxetine, on the basis of earlier work showing that this compound increased emotion-related behaviors in mice when administered during the early postnatal period. It therefore remains to be seen whether other antidepressants, either within the same SRI class or other classes, would produce the same effects, although recent data demonstrating that early postnatal fluoxetine is more effective than desipramine or citalopram in affecting anxiety-like behavior argues against this possibility (Ansorge et al. 2008) . Nonetheless, it would be important to examine the effects of other antidepressants during rodent adolescence, particularly in light of evidence that fluoxetine has a relatively favorable profile in adolescents (humans) in comparison to certain other antidepressants (Whittington et al. 2004) .
A second caveat relates to the fact that the aim of the present study was to test whether fluoxetine treatment during adolescence had long lasting effects (e.g., neural circuit alterations (Hariri and Holmes 2006) ) when probed for in (drug-free) adulthood. For this reason, and in view of the long half-life of fluoxetine, behavioral testing commenced after a long washout period of 3 weeks posttreatment. This experimental design is akin to studies that have demonstrated lasting effects of early postnatal treatment or gene mutation on adult behaviors (Alexandre et al. 2006; Ansorge et al. 2004; Gross et al. 2002) . We showed that mice receiving chronic fluoxetine treatment had no residual effect of the drug when tested after a similar 3-week washout period. However, a question that our data does not address is whether significant behavioral abnormalities are manifested during the acute withdrawal period and whether these might be more or less prominent in adolescents than adults.
A third and final issue is that while current data speak to an absence of effects of adolescent fluoxetine treatment on a variety of standard measures of anxiety-/fear-/stress-related behaviors, it would be premature to exclude potential effects of the same treatment on other behavioral processes. In this context, increased suicidal ideation, aggression, and impulsivity are reported to be abnormal in a subpopulation of SRI-treated children (Hammad et al. 2006; Usala et al. 2007; Whittington et al. 2004 ). It will therefore be of importance to examine the effects of adolescent fluoxetine treatment on phenotypic measures such as conspecific aggression and executive functions (e.g., see (LaRoche and Morgan 2007) .
In summary, the present study found no evidence that fluoxetine treatment throughout the adolescent period causes increases in fear-, anxiety-or stress-related endpoints in two genetic strains of mice differing in trait anxiety-and stress-related behavior and sensitivity to fluoxetine. While further work will be needed to extend these data to other behavioral domains, present findings contribute to the ongoing debate over the risks and benefits of antidepressant treatment in children and adolescents (Gibbons et al. 2007 ).
